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1. Introduction

The ALEXIS experiment (Array of Low Knergy X-ray Imaging Sensors: Pried-
horsky et al., 1990) is a mini-satellite containing six wide angle FV\:/u]lrasoft
x-ray telescopes. Its purpose is to map out the sky in three narrow (,5% I band-
passes around 66, 71, and 93 eV. The 66 and 71 eV band passes are centered
on intense Fe emission lines which are characteristic of mil.1.ion.degree plasmas
such as the one thought to produce the soft x-ray background. The 93 es.?band-
pass is not near any strong emission lines and is more s~nsitive to a.mtinuu!!l
source~, The mission will be launched on the Pegasus Air-Launched Vehicle Ih
early 1993 into a 400-nautical-mile, high-inclination orbit and will be rontrollrd
entirely from a small ground station Io(.ated at Los Alamos. The project is a
collaborative effort betw=n Los Alamos National Laboratory, Sandia National
Laboratory, and the University of California-Berkeley Space Sciences Liibor~-
tory.

‘rhe six telescopes are arranged in three pairs. As thr satellite spins twice a
minute they scan the entire anti-solar hemisphere, Each f/1 tclesrope consists of
a ~pherical, multilayer.coated mirror with a curved. microchannel plate drtert,)r
located at the prime focus. ‘l’he multilayer coatings determine thr bandpastws
of the telescopes. The field of view of each telescope is 30 degrees with a spatiid
resolution of 0.5 degree, limited by sptcrical aberration.

The data processing requirements for ALEXIS are large. Fh rh rvcn( in
orw of the six telescopes is telemctmxl to the ground with its t’mc of arrival
and position on the detector. This information muut be folded with tlw aqwt.

solution for the satellite to rcrormtruct the dimcticm on the sky frolll which thv
photon came. EJ%ause of the wmy the nix toluticopcs wan thr ~ky. the v[l’rctivv
expotiure calculation in also vvry compute- inttwive, ALl?.XIS may gwwrato up to
100 megdytw of raw data per day, which are ronw’rtml into a gignbytr por diIy
of procewwd data, ‘1’h(’ mlliro analysi~ .+yslm is built on a svt of SPi41{( ‘s1Htiotl
platforms.

2. Software Overview

I



111L was used fronl the start of imlrumcnl dcvdopment through flight. \Vc
uw IDL as a top-]evel executivo for the prorxwiyg ta>ks (replarillrg [“nix SIIOII
scripts), as a device-il~depelldet]t graphics engine, as a (Ialiibi]se Illillliig(’r, and
as a final data manipulator. 1111.roulim spawIl sperial-purposv (’ l)rogrtill]s 10
perform detailed telemetry deconvolut ion iiIId otl]ers!)(~rii]lizt’(1 functions,

2.1. ALEXIS Data Streams and the End-to-End Philosophy

Earl.v in the ALEXIS project. a uniform slilndard for all binary d;itir Iilvs :ind
streams was adopled. This uniform data standard allowvd iis to :I(lopt ii[l on(l -

to-end system test and development philowphy. Simulation sufl WillT for t 11(’
ALEXIS instrument producwl data streams just as ttw flight systcm dw~. \\”hw)
we tested individual AL E.XIS teh+scopvs in the laboratory. t ho groutld test mlllip-
rnent ( GSE ) also generated data streams I hat Iookcd as they wuuld in flight. In
this way. soft ware devclopml to analyze cxp~triment simulat ions wild Mm k
used for instrument testing, and then for flight operations. with Iittlc or no mod-
ifications. This greatly aided our softwiirc dwtdopnmnt efhxts. \l’e did UO[ have
to re-write existing software to match nw data formats that could have ariswl
at each phase of (’experiment. planning and int(}gration.

Figure 1 shows the result O( a 12 hour simulation of ALEXIS experiment
operations. “rhe raw photon events from cm’ of the six t,clesrcqws arc binn(d
onto a Hanlnler-Aitoff map projection. ‘rhr scale shows counts. ‘111(’Illiil) waA

produced with IDL software designed for [light use.

2.2. Use of IDL

The ALEXIS experiment will gcnorate up to 10G llq@yto* O( (Iittii p.r day IlIiiI

must be automatically processed and rmlucmlt At the projrct “s starl. ww Iwga[l
writing analysis ~oftware from the bottom up. We producml [~liix (‘ lilll~Uill#(’

“filter” programs, each doing a small piect’ cJfthe procwing, that worr dosignml
to be lit] kcd together in large [Jnix pipeline processes. We debatwl lhr sorlw timo
how to tip all the progrrms together into WI automated systvm for pr[wwwin~,
archiving, and plotting the flight data. our initial choice was 10 writf’ [’nix
shell scripts, and usc a piottil)~ packagv such a.~ ,MONG() for graphics. :\ ftvr
a (lemonst ration of the ID L data pror(’ssillg/graph ics parkitge. wc ~itlll(~ to t.lw

conclusion that II, )L could exceed [Jnix stwll scripts in vvrsut ility ii[](l pr(widv
a devic~-independent graphicR capability as well. II)L WINild id+() prf)vidu ii

high-levvl, array -orimtccl, data manipulatim functionality, A notlwr a(l Vil[ll ilpy

of IDL was an misting Iihriq of mtrotmmy routines that W:W av;lilahlu frwn

the UIT project at Goddiwd Spacdlight (.’vntrr, an dbrt fuudml hy t IIP S;\ S,\
Astroph}tiirs Data Programi Almost no work ww lost in thv t ri~nsit i(m to [[)1,,
All of tlw cflbrt 1A Ircvn spcrrt to that point writing t ho (‘ prtwowing r(mt iuvs,
and they wvre urwd unchanged ill tlw [1)[, ollvironmrnt.

(~urrrmt,ly, our soflwrm do~ign has control or “(;luv” routimw in 11)1, al
t 110 totl 1(’VFI, Thwm, in turn, roll spvrializd 11)1, functims whirh pwf(mm
spw i!ir dmt a prorwrsing I ~mk~, ‘1’lww’ (uurt ilms ill turn spawn [“nix pipfdimw [}f
( ‘-lmlgutigo [lath frltmr 10 {lo lht’ mnjority tjf tlw tvlonwtry daLa tlliLtli[Jllltil ion.

‘1’mporury lllm or output (Inix pipes pr{ducvd hy thww Mp:lwnwl pr{wl’sww (iIII

k accwwd wsily within 11’)L 10 oblklin thv t ratmformrd did a hlr prtlllurillK t Iw
final rrwull~,



18buamabn- “ ~.l!. . . .-——.- .— y-..-.. -
.

.. . ,, -.F . . . . . . . . . . . . . . .
. . .

w+
;. ... . .. . . . . . .. . .

r ““

~[_ .. ~ ...... . ... . . . .“. . . . . . .%!.. .. ,

. .. .. .... -. . . ..., . .. ..a~ ““”. ” . . .
~ . .. ......”. . .... . .
t ... .... . .. . . .. .....
L

. . . . . . .. .. . . . . .
. . . . . . . . . . . .... . .. . .. . ..-’

~.. .~-....-~
. .

;- . . . . . ---- .— ---- -

. . .. . .. .
.

: J. . .

1

.

. ---- b-- . .

m -~m
~&a

im

Flgur@ 1. 12 hour simulntiun for nn .-\LIXIS tAwropr diqdayod wil h
IDL tioft ware. The greyacale legend is nmrkrd in raw roun[w Map pix-
da are 0.5 d~rtw wide. ‘rhe map has IIU dhtive qmuurv crxrcct iunn.
Two point HuurcmI evident in the iiinmlation rcwIIM am markwl.

M. Current Statlm

Our 11.)L and C software package for ALFXIS contlnum to mwlvc a~ wc gain
ex~rlenre from analyzing dmulktcd data nt’trnand nuppurting miwdun simulti-
llons. Our cxpariencc with mlsslon oimulatiunu, (where lhc qmwruft i~ foohd
intu thlnklng it in on orbit and communicate via an RF l!IIk to thl’ i\ LKXIS
ground station), haa nhown that It In FUY to gcneratr tw much ptipw IIH part

of the production daka analydw We ham bwn ntrlving LUIIIahB Llw pMlurI i~nl
mftwam sm~rtcr, m that pbta of huuwkmping valww mm’Ay grnrmtm WIIOII
1Iwy art! AuOIulely ncwcesary. We Imvc (ouIId the rombiun[ ion uf 11)1, MId (* III
INSfldhlciin reronllguring ntmlynin CIAVI on a wwy nhorl I Imwdw
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